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We study the signatures for new TeV resonances that couple to top or bottom quarks 
both at the Tevatron Run II and at the LHC. We find that it is possible to study these 
resonances when they are produced in association with a pair of heavy quarks or in 
association with a single top at the LHC. In particular, with an integrated luminosity of 
300 fb — 1 at the LHC, it is possible to probe resonance masses up to around 2 TeV. 
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If there is no light Higgs boson found in the next generation of collider experi- 
ments, the interactions among the longitudinal vector bosons would become strong 
at a scale of 0(1 TeV) and new dynamics must set in. The fact that the top-quark 
mass is very close to the electroweak scale (m t w «/v2) is rather suggestive: there 
may be a common origin for electroweak symmetry breaking and top-quark mass 
generation. A major goal for the Fermilab Tevatron and the CERN LHC is the de- 
tailed study of the properties of the top quark. In particular they should establish 
whether the third family behaves like the first two, or whether it is subject to new 
interactions. 

This paper is a brief summary of a study reported elsewhere ^\ in which we 
introduce new resonances which couple strongly to the third generation but not 
necessarily to the W and Z gauge bosons. We are interested in new interactions 
of b and t quarks with these new heavy resonances. Our goal in this paper is to 
investigate the extent to which hadron colliders are sensitive to new interactions of 
the top quark regardless of the origin of the new interactions. 

We begin with new vector resonance. We assume that this vector resonance has 
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negligible couplings to electroweak gauge bosons. We thus proceed with the following 
effective Lagrangian coupling a spin one field to the top and bottom quarks, 

£ = -$ 7 "(w+SA7 5 hW;. (1) 

In hadron colliders, however, light quark annihilation represents a significant 
production source for new vector resonances even if they couple predominantly to b 
and t. To keep our study as model-independent as possible we choose a frame that 
make the contributions of the light quark annihilation small. For definiteness we 
will use the Z' model of Ref. ^ in the limit of no V — Z mixing. 

C = | tan %tan 9 R^qL^lL + ^u Ri ^u Rl - ^dR^dn^V^ 

- | tan0 w (tan0ii + cot9 R ){t Rl n R - b Rl »b R )V^. (2) 

In this expression 9 R is a new parameter. With large cot9 Rl this model provides 
a specific example of a new vector resonance which couples to b and t significantly 
and couples to the light fermions weakly. In the limit of large cot 9 R these couplings 
are purely right-handed, with gA = gv = (<?/4) tan#w cot9 R , in which cot9 R must 
be smaller than 20 if the new interaction remains perturbative. 

We next consider a new scalar resonance. In this case we use a very simple 
(non-renormalizable) parametrization for the new interactions, and assume that 
the couplings of the scalar to the light fermions are completely negligible. We write 

£ = -—S(K b bb + Kttt). (3) 

v 

This form allows us to parameterize simultaneously the cases where either the b- 
quark or the t-quark or both have enhanced couplings to the new scalar resonance. 
The tightest constraint is obtained by requiring perturbative unitarity ^ in the 
scattering amplitude bb — > bb (or in tt — * tt) through an exchange of the new scalar. 
This leads to < 3. 

we compute the contributions of the new interactions to multiple processes and 
conclude that Tevatron is not sensitive to this type of new physics. We find that 
processes with four heavy quarks, originating in the production of the heavy reso- 
nance in association with two heavy quarks are the most promising channels for the 
signal searchs in LHC. In the 4-quark process pp — > bbttX or ttttX, the signal is 
completely dominated by the gluon fusion. There is also a much smaller contribution 
initiated by bb annihilation that we have calculated but not included. We use COM- 
PHEP - to compute the signal and MADGRAPrlElto compute the corresponding 
SM background. We implement cuts 

PT (b) > 100 GeV, p T (t) > 50 GeV, \y b \ < 2, M R ~ W R < m bl<ti < M R + AT R 

We present the sensitivity at the LHC assuming a total integrated luminosity of 
300 fb" 1 in Fig.[T] With 50% of 66-tagging efficiency and 0.5% faked b rate^l we 
end up a combined event efficiency of about 16% for tt. We see that a 5<r sensitivity 
may be reached for masses up to 2 TeV for the vector resonance. 
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It is well known that single top quark production via the electroweak process 
Wb — ► t can be sizable due to the enhanced longitudinal gauge boson coupling at 
high energies. The cross section for single top production increases with energy up 
to about one-third of the cross section for ti pair production^!. The main advantage 
of this channel is the substantially smaller standard model background. We consider 
the Wb — ► t process, associated with a heavy resonance that radiates off the top 
quark and decays to bb or tt. We use cuts: pr{t,b) > 100 GeV and \yt,b\ < 2. 
The high pr cut is imposed on all heavy quarks, including the two b quarks that 
reconstruct the resonance mass as well as the single top quark. Using the same b 
and t efficiencies as before we show in Fig. ^ the sensitivity in this case. The reach 
can be up to My ~ 2 TeV with a 5cr significance. 
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